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IMPACT OF INDUSTRY STRUCTURE, INTENSITY OF
PRODUCTION and RESOURCE CONSTRAINTS ON RESEARCH BREEDING OBJECTIVES
J. W. WILTON, CANADA
Centre for Genetic Improvement of Livestock
Department of Animal & Poultry Science
University of Guelph
Guelph, Ontario, Canada NIG 2Wl
Sunnary
The importance of the structure of the beef industry wi th respect to
crossbreeding programs and division into cow-calf and feedlot segmentsj
intensity of production with respect to market standards, feeds and labour;
and resource constraints with respect to feed, labour, land and capital;
are discussed and quantified where possible.
The use of discounted gene
flow provides estimates of relative expression rates which differ with
crossbreeding programs and relative sizes of populations of purebred and
commercial cattle.
The importance of feedback from feedlot to cow-calf to
purebred operation is emphasized, for both discounted expression rates and
mode 11 i ng approaches.
The compos it i on and qua 1 i ty of beef marketed, the
influence of energy availabil ity for cow herds and energy density of
feedlot diets, and the level of management are discussed as important
components
of modelling beef production.
The impact of
resource
constraints is discussed and an example is presented which shows the
changes in selection decisions caused by changes in constraints.
Th.
situations under which selection decisions using 1 inear programming would
equa 1 those from the use of a single equa t i on to est imate breed i ng value
for total merit are identified, as are some of those in which selections
would diff.r.
The impl ications of th.se differences in establ ishing
breeding objectives are discussed.
In1roduct i on

Breeding objectives for the genetic improvement of beef cattle have
been difficult to establish because of interactions with a range of factors
which may broadly be classified a,s environmental.
One of these factors is
the structure of the industry, by which is meant the segmentation of the
industry typically into purebred and commercial herds with the latter in
turn divided typically into cow-calf and feedlot operations, and th.·
crossbreed i ng arrangements in the industry.
Anoth.r set of fac tors re late
to
the
programs
for produc i ng
beef.
These
inc 1ud.
market i ng
considerations, or mark.t standards, in particular the .xtent to which
composition and qual ity of beef art important to consumers; the quality of
feed ava i 1able for cow-calf andfeedl ot operat ions; and the leve 1 of
managem.nt and labour that is availabl..
A third factor r.sulting in
possible changes in rankings of animals is the set of resource constraints
or limitations under which the be.f production program is operating.
Limits in capital, fe.d, labour and land may all be of importance.
Considerable work has been done with systems analysis to determine
optimum
crossbreeding programs,
as reviewed by Cartwright
(1982).
Similarly, much work has been done on the examination of the impact o-f
changes in various traits from a modelling approach (Cartwright, 1982) and
-from an exp.nse per unit product equation approach (Dickerson, 1982).
However, less work has been done on methods o-f establ ishing breeding
objectives and selection procedures.
A need -for -further developments 'in
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animal breeding theory to handle the .ff.cts of chang.s in traits of
individual animals within a compl.x production program has be.n point.d out
by Dor.n .t al. (1985).
Th. purpos.s of this paper are to:
I.

d.scribe the eff.cts of industry structure, intensity of production and
r.source constraints,

2.

quantify these effects wh.re possibl.,

3.

illustrate
and

4.

discuss
method.

a

method for selecting animals considering th.se

research

and

d.velopment r.quired in possible

use

factors,
of

this

Industry 'StructllU

I.

Structur. of Cron-Brud'ing Prograls

The role that breeds or lines play in cross-breeding programs has a
major effect on the breeding objectives and decisions for those breeds or
linn.
Cartwright (1970) and Foul ley (1976), for example, have dncrib.d
the chang.s in criteria for bruds'that would be used as terminal sires
compared to those that would b. used in rota tiona I programs. The impac tof
crossing program on selection criteria can be quantified by the use of
discounted gene flow (Wi I ton and Danell, 1,981) or by extensions of linear
programming models such as those by Cartwright et a!. (1975) and Wilton and
Morris (1976).
Th. greater .mphasis on market traits relative to femal.
production traits in terminal programs than in rotational programs can be
calculat.d for sp.cific situations including such factors as r.plac.ment
rat.s, mortality rat.s, sire usage rat.s and population sizes (Tabl. I)~
In rotat ional crosses mark.t trai ts had a sl ightly lower discounted
expression rate than female production traits in the Wilton and Danell
(1981> study.
In comp'arison, market traits had mor, than 3 times the
expression rate of female production traits wh.n the commercial population
was 3.5 tim.s as larg. as the terminal sir. population and ov,r 10 times
the expr.ssion rate wh.n the commercial population was 14 times as large as
the t.rminal sire population.
The us. of a syst,ms approach would require mod.lling of the crossbred
and purebred popu lat ions r.qu i r.d to g.nerate those crossbr.ds.
A cl ond,
,self-contained h.rd approach or an approach of using purchased r.p I acement
females or males or both could be used.
The approach of using purchased
repl ac.ments woul d be fa i r I y complex because
it wou I d requ i re th.
simultan.ous mod.lling of s.veral farms.
The feedback from commercial to
purebred producers with r.spect to the relative importance of the various
traits would have to be known (parallel information would have to be known
in discounted g.n. flow in accumulating expr,ssions).
A multiple year
model would be most appropriate to account for the us. of breeding stock
ov.r tim. and population.
R.placement rates would be important in
determining the timing of expression rates through the various populati'ons.
In addition, the transition from existing population'S to more n,arly
optimum arrangements of the total population would have to be considered.
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Tabl.l.

Ratio of total discount.d .xpr.ssions r.lativ. to dir.ct
traits for mal. probands in rotational and t.rminal sir.
pr'ograms

Typ. of trait

Mark.t offspring
F.mal. traits over ail
productive y.ars

2

Rotational

T.rmi~al

malt
lin.

sir. 1 in.

1 :35

1 :14

0.50

0.43

0.41

0.56

0.13

0.04

Adapt.d from Wilton and Danell (1981), Tabl.s 3 and 5 with discount rat.
of 2Y. and a 25 y.ar horizon.
Terminal sire lin. nucl.us I comm.rcial population siz ••

Th. structur. of the cattle breeding industry (both commercial and
purebred>
influences bre.ding obj.ctiv.s d.p.nding on th. typ.s of
crossbr •• ding programs in place and th. numb.r of sp.cific Fl f.mal.s b.ing
s.rviced by a terminal 1 in. or bre.d.
Th. chang.s in obj.ctiv.s would be
quantifi.d by th. chang.s in models of total m.rit that would result from
including discount.d expression rates or by working with more comprehensive
models.
2.

CC*-Calf and Fndlot SI"!JII1tnt1ktion

One
of the important asp.cts of discounted g.ne flow is the
accumulation of numbers of expressions of traits over time and popUlations.
Clearly, th. accumulated expr.ssions of traits must be relevant at th.
l.v.l of the decision-mak.r in th. initial nucl.us population.
This may
not be true if th. pricing mechanism from on. s.gment of th. population to
anoth.r does not refl.ct g.n.tic differ.nces in animals. Currently in many
b•• f production situations the pricing m.chanism from th. f.edlot to th.
cow-calf s.gm.nt app.ars to incompl.t.ly r.fl.ct pot.ntial diff.renc.s in
brttds and to completely ignor. p.otential diff.rences from sire to sir.
within br •• ds.
An additional gap may .xist in the f •• dback mechanism from
th. cow-calf produc.r to th. nucleus (usually purebred) bre.der as just
dtscribed. Determination of ,xpression rates should b. bas.d on the degre.
of fe.dback that exists, whil •• fforts shOUld also be mad. to a~sur. that
feedback is as accurate as possible.
Genetic change in contribution to
total merit could be seriously reduced if variable levels of feedback led
to a range of expression rates of traits and hence an unclear breeding
objective.
A closely related area is that of genetic correlations between traits
expressed in the cow h.rd and those expressed in the feedlot. EconomicallY
antagonistic correlations such as between growth rate in the feedlot and
mature weight of cow make it essential to know the relative rates of
expressions of these traits.
InhnsHy of Production
Changes in breeding objectives with varying intensities of production
reflect a form of genotype by environment interaction.
Genotype includes
breeds, the use of breeds in crossing programs and animals within breeds.
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Environments includes factors such as market standards (degree of emphasis
on composition and quality), nutrition (both for cow-calf and feedlot
ugments) and labour (primarily in the cow-calf phase).
I.

ttarkttt Standards

Major differences exist in various areas of the world in the extent to
which quality of beef is emphasized and, in fact, in the definition of
_qua I i ty. Qua I i ty 101 ill -be def i ned here as degree of consumer acceptab iIi ty,
determined largely by flavour and tenderness.
Qual ity standards involving
flavour are often considered to be closely associated with composition of
the
produc t,
in part i cu I ar the fat componen t.
The other
major
compositional aspect, lean yield relative to bone, enters the discussion on
market _ standardsihrough the extent to which prices of retail cuts and the
efficiency on the part of the retailer in preparing those cuts vary with
degree of muscl ing.
Some examples will illustrate the impact of market standards on
bneding objectives.
There is, for example, a market for highly marbled
beef in J~pan. This has led to studies on fat depots and lipid and fatty
acid composition of subcutaneous fat (Yoshimura and Namikawa, 1983).
Progeny testing programs, in which marbling is measured and evaluations of
marbling receive considerable attention in selection, have also been
utabl i shed.
Considerable research has been conducted in North America to establish
the extent to which flavour is influenced by percentage of fat in the
carcass (Smith et al., 1983).
Minimum amounts of subcutaneous fat (4mm)
hive been established in Canada for animals to be classified in the A
quality grade.
Smith et al. (1983) summarized work on the association of
subcutaneous
fat with flavour desirability ratings,
indicating
an
approximate level of 5mm would be sufficient for good ratings for steak.
For other markets in many parts of the world, low levels of fatness are
considered desirable.
Similarly the role of fatness in flavour is
different for hamburger and restructured products than for prime cuts.
Closely inter-connected with level of fatness is market weight.
This
inter-relationship and the differences in breeds for either weights at a
constant degree of finish or composition at a constant weight have been
well described by Koch et al. (1976, 1979,1982). In situations in which
at least a minimum degree of finish is required (as in Canada), there can
be an additional requirement relating to market weight. Carcasses below an
acceptable
weight are penal ized because of
labour
inefficiencies.
Carcasses above an acceptable weight are also penal ized, due to either
handling problems or size of retail cut problems.
Changes in prices
associated with carcass weights can obviously vary from country to country
and from market to market within countries.
In the area of muscle to bone ratios, special ized markets in France
and Belgium for example, are such that price advantages exist for highly
muscled animals.
There has, as yet, been little quantification of the
values of muscle to bone ratios in the market place, which would be
required for feedback to the producer.
The additional question of the impact of processing techniques on
optimum weights and levels of fatness must also be- considered.
Dikeman
(1985) has reviewed such techniques as electrical simulation, delayed
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chilling, vacuum packaging and prerigor boning (hot boning) and their
combined effects.
Lower levels of fatness may be required wi th the
appropriate use of these technologies.
Cl ass i ca 1 approaches to genotype-env ironment i nterac t ions ar"e requ ired
to establ ish breeding objectives.
However, the extent to which the market
can be divided into parts such that objectives can be establ ished for nch
part has not yet been examined.
Similarly, the extent to which genotypes
would rank-differently in these parts requires examination.
With a defined part, such as market values determined by minimum
levels of finish and with bounds on market weights, approaches of
predicting market weights (on a standard feeding program) as described by
McWhlr and Wilton (1986) may be a useful approach.
Such an approach makes
It poslble to match the market components of breeding object IvlS wi th the
realities of market pricing, both in weight per animal and In composition.
Refinements In breeding objectives and decisions can be made by considering
various selection strategies for non-linear models of total merit as
discussed by Jansen (1985), for priclngs that are non-l inear.
2.

Fnd

Interaction of feed quality, usually expressed through pasture quality
(amount and digestibility), with breed on reproductive performance of cows
has been found by several researchers. Fredeen et al. (1981), for example,
found re-ranklng of breed cr~ssesbetween range and semi-Intensive pasture
managment environments. General environment by line Interactions have been"
reported for re"productlve rates of Hereford cows by Koger et al. (1979).
Ferrell and Jenkins (1985) discussed the differences In energy reqUirements
of different cattle types,
with a need to synchronize
production'
environment and germ plasm resources being Indicated.
The effect of energy density of feed on weights at which suitable
finish Is attained has been documented by several authors such as Rompala
et a1. (1984).
Interaction of diets with genotypes has been shown by
Crouse et al. (1985) and a general Interaction of environment with line has
been shown for post-weaning traits of Hereford bulls by Pahnlsh et a1.
(1985).
Evidence of sire by environment Interactions has been reported by
Bertrand et al. (1985), although environment In this case Included mort
than feed differences.
The combination of Influences of feed availability on cow or feedlot
performance (Including market weights) or both for different breeds and
crosses can be handled I n a mode 11 I ng approach.
As more I nformat Ion
becomes available the modelling can b.come more pr.cise.
How.ver, this
Increased precIsion will also result In much larger models especially if
taken to the Individual sire level.
3.

Labour

An Interesting question In the area of intensity of production Is that
of twinning.
Twinning may possibly be Increased by selection or by embry~
transfer (Rowson et al., 1971; Anderson et al., 1979, 1982; Reid et al.,
1986).
Embryo transfer requires higher levels of management for transfer,
calving and early post-natal care, but allows for the use of speclallztd
tmbryo lines and specialized r"eclplents (Reid et al., 1986).
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1.

ConstraintVariabl••

Limits can txist for stveral variablts of a buf production optratron,
with land, labour, fud supplits and capital bting SOlU of tht major onts.
In somt casts, limits can txist on output ptr optration. Thtrt art usually
no I im its to buf salts ptr farm in Nor thAlner ica, al though quotas tx i st
for stvtral products in Canada.
Both output and input limits can change
the valut assigned to unit changts in output and input variablts, and can
makt single tquation syshms hss than comphh rtprtstntationsof total
mer it.
Lintar programming (LP) is one convenient approach to deal ing with
constraints, and has bun used to analyze crossbruding programs by Wi 1 ton
.t al. (1974), and Wilton and Morris <l976).
It has also bun used to
examine the influence of changes in traits, such as size (Morris and
Wilton, 1975) and milk yield of beef cows (Morris et al., 1976).
It has
not yet bun used to include choices of animals within brud, although
Sivarajasingam et al. (1984) compared dairy sires on the basis of the
objective values resulting from sequential runs of an LP model. Ehments of
th. mode 1 conc.rn i ng txpec hd daugh hI' l1erformance for such tra its as milk
yield, milk fat percentage and milking spud were changed from run to run
to obtain the values of the objective function.

2.lPRelatiu. to S.. hction Ind.-x
The following example is design.d to illustrate the technique of using
LP tl3 choose amongst beef sires and to compare the selection decisions
using LP with those that would be made with selection index (or a parallel
function of predicted differences estimated by Best Linear Unbiased
Predict ion).
In the example, gross margins (6) are calculated as returns less
\Illriabh costs.
Returns come from market weight (M) and variable costs
include· feed (F) and labour required for calving (L).
The objective
funct i on i Sl

in which 6, M, F, and 1 are as defined above,
a l = $2/kg,
a2

= $0. I O/kg,

and

a3 = $IO/hour.
The program being modelled is for the use of Charolais sires on FI
females in a terminal crossing program.
Of course, the model
is very
incomphh,
with such factors as reproductive rates, bruding herd
overhead, heterosis and time period ignored.
With heterosis ignored,
performance levels of progeny of sires are determined by population means
for Charolais sires, FI females and predicted differences for progeny· of
various Charolais sires. The assumed (entirely arbitrary) values for thest
Yariables art shown in Table 2.
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Table 2.

Assumed values for performance levels for modell ing and selecting
Charolais sires
Market weight
(kg)

Feed intake
(kg)

Ca I v i ng labour
( hours)

Charolais average

600

3120

1.0

FI average

500

3000

0.5

+15
+50
-20
-10

+60
+200
-80
-60

+0.5
+1.5
-1.0
-0.5

565
600
530
540

3120
3260
2980
3000

Sire predicted
differences (PO's)
a
b
c
d

Absolute performance
of progeny
a
b

c
d

2.0 1
3.0
0.5
1.0

Calculated as FI average (basic cow requirement) plus Charolais average
sire effect (total sire contribution)

~

The resource contraints were set initially at SO spaces for animals,
150,000 kg of feed available and 75 hours of labour available <all again as
examples only).
The steps in using LP are then:
1.

Identify the decision-maker (the producer choosing the sire).

2.

Define the objective (to maximize G subject to resource constraints in
th i s case).

3.

Define the model for product!on (simpl ified in this case to a
description of the performance levels for outputs and inputs of the
progeny of four sires and the resource constraints).

4.
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Carry out the analysis (in this case the following LP analysis):

Max imi ze 2M -O.lF- 10L +
Subject to

Oa +

Ob +

Oc +

a +

b +

c +

Od
d .i 50

.i 150,000

F

i 75

L
540d

0

- 3120a - 3260b - 2980c - 3000d

=0
=0

565a

M

F

L -

2a -

600b

3b -

530c

0.5c -

the sires in the appropriate numbers that maximize
funct ion.

5. Use

Id

the

objective

The results of this small example illustrate the influence of resource
constraints on the choice of sires (Figs. 1 &: 2). Small percentage changes
in feed available resulted in major differences in numbers of progeny per
lire that would result in maximum values of the objective function.
As
more feed was made available more progeny from sire b (the sire with
highest PO's for all trai ts) were used.
These were complemented by
decreasing numbers of progeny of sire d and increasing numbers of progeny
of sire c.
The changes in constra in t 1eve 1s for feed were based on the
point of change information generated in the previous analysis, beginning
with the 150,000 kg feed constraint.
When the labour constraint was
changed, maximum objective functions involved using only progeny of sire b,
regardless of feed constraint (Fig. 2).
The reasons for the changes from sire d to c in Fig. 1 are not obvious
from the predicted differences in Table 2.
There appears to be a critical
balance between the labour and feed constraints, with a util ization of as
many progeny of b as possible with the labour constraint ·of 75 hours.
The
situation is clear when the labour constraint is removed.
Sire b with the
highest output (positive over feed costs) used totally up to the number of
animals that can be fed (up to the maximum of 50).
The changes in the values of the objective functions were relatively
small over the three feed constraint levels in both Fig. 1 and 2.
When
labour was 1 imited to 75 hours the value of the objective increased from
38,590 to 39,520 to 39,590 for the increases in feed availabil ity.
When
1abour 1 im ita t ions were increased to 150 hours, the value of the object i ve
function increased to 38,830, 39,870 and 42,200 for the three increasing
levels of feed constraints. The impact of the feed resource constraint was
thus more important when labour was not 1 imiting (labour having been a
slack activity for all levels of feed contraints used).
The sire chosen when labour was not constrained was the same as would
be selected using substitution of predicted differences into a linear
function, parallel to substitution of estimated breeding values into models
of 'total merit (Henderson, 1963). In this approach the model of merit for
the example used would be:
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Fig 1 Optimal number of progeny per sire,
space constraint 50, labour constraint 75
LEGEND

_b

~a

Ule
~d

150,000

154,000

165,000

Feed constraint (kg)

Fig 2
Optimal number of progeny per SIre,
space constraint 50, labour constraint 150
LEGEND

_b

~a

Ule
~d

150,000

154,000

Feed constraint (kg)
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165,000

in which 9M' gF and gL are the additive genetic values for market weight,
feed intake and labour for calving, respectively.
The estimate of T is

in which' denotes the estimate of the parameter.
The values for sires a,
b, c and dare $19, $65, $-22 and $-9, respectively. It is interesting to
note that the second ranked sire did not enter the solutions in Fig. 1, due
to the mix of output and labour requirements that led to the optimum
sol ut ion.
The example, although greatly simpl ified, illustrates the effect that
resource constra in ts have in choos i ng sires.
The examp Ie shows the
ineffectiveness of a single equation in representing the economic value of
the use of various sires.
A complete model and precise statements
concerning resource constraints would be required before one could conclude
how critical this difference in sire selection would be in practise.
The approach described deals with sire selection,

and additional work

is also required to relate sire selection to breeding objectives.

Resource

constraints have an impact similar to changes in intensity of production in
which the model for production was changed. The extent to which production
programs could be aggregated so that directional changes in traits of sires
would have beneficial economic influences needs to be examined.
Jansen (1985)
Another area of research required is in non-linearity.
has shown the difficulties of converting non-I inear functions of total
merit at the phenotypic level to functions at the genotypic level. He also
showed differences in the rate at which the population mean for total merit
would change depending on the selection criteria used and, to an even
greater extent, on selection of mating pairs.
The influences of nonlinearity depended on the extent to which total merit was in fact nonlinear and this area has as yet been relatively unexplored in beef cattle.
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